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Abstract 
 
Sida hermaphrodita is a polycarpic perennial herb native to North America. As a result of mobilization, research 
and ameliorative activities, in the Botanical Garden (Institute) of the ASM, was created the variety, Energo, registered 
in the Catalogue of plant varieties of the Republic of Moldova. The yield constitutes in the first year 28.3 t/ha natural 
fodder or 6.2 t/ha dry matter and the following years 103.8 - 119.5 t/ha natural fodder or 22.6 - 24.4 t/ha dry matter, 
respectively. The dry matter of natural fodder of Sida hermaphrodita has a high content of raw protein (15.94%) and 
fats (3.99%). The content of nutritive units in the natural fodder of Sida hermaphrodita is at the same level as Medicago 
sativa (0.21 nutritive unit/kg). The nutritive unit is well provided with 131.9 g digestible protein. Dry stems can be 
harvested in winter with technical means of  fodder collection and used to produce briquettes and pellets,  gross 
calorific value of about 18.7 MJ/kg of dry mass or about 350 GJ/ha.  
Keywords: calorific value, fodder value, productivity, Sida hermaphrodita, Energo variety 
 
 
 
 
1. Introduction 
 
Agriculture in the XXI century is 
characterized by its scale and multifunctional 
impact, paying more attention to food safety and 
diversity; it is linked with the environment, being in 
a direct and obvious cohesion with rural areas, 
which assigns, besides the important economic role, 
a social and environmental role.  
Agriculture remains an important sector in the 
economy of the Republic of Moldova, generating 
almost half of export earnings. Arable land occupies 
over 70% of the territory. 
Agricultural land use in the Republic of 
Moldova favours crop production, representing 60-
70% of the total agricultural production.  
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Crop production, for example, seems to be 
particularly vulnerable to climate-related stresses: 
the excessive drought from 2003, 2007, 2009 and 
2012 had a disastrous effect on most annual crops. 
The development of the livestock sector has 
been problematic in the past decade, being 
hampered by obstacles related to competitiveness 
and market. The livestock sector faces the scarcity 
of internal resources (low productivity of genotypes 
of breeds animals, limited feeding) and harsh 
pressures caused by imports of cheaper animal 
products. The provision of fodder is limited due to 
the low availability of high quality pastures and 
reduction of the agricultural land sown with fodder 
crops [1].        
In recent years, at global and national level, 
greater attention is paid to the production of plant 
biomass for energy production due to the depletion 
of fossil resources. 
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Agriculture in the XXI century is 
characterized by its scale and multifunctional 
impact, paying more attention to food safety and 
diversity; it is linked with the environment, 
being in a direct and obvious cohesion with rural 
areas, which assigns, besides the important 
economic role, a social and environmental role. 
Agriculture remains an important sector in the 
economy of the Republic of Moldova, 
generating almost half of export earnings. 
Arable land occupies over 70% of the territory.  
Agricultural land use in the Republic of 
Moldova favours crop production, representing 
60-70% of the total agricultural production. 
Crop production, for example, seems to be 
particularly vulnerable to climate-related 
stresses: the excessive drought from 2003, 2007, 
2009 and 2012 had a disastrous effect on most 
annual crops.  
The development of the livestock sector 
has been problematic in the past decade, being 
hampered by obstacles related to 
competitiveness and market.  
The livestock sector faces the scarcity of 
internal resources (low productivity of 
genotypes of breeds animals, limited feeding) 
and harsh pressures caused by imports of 
cheaper animal products.  
The provision of fodder is limited due to 
the low availability of high quality pastures and 
reduction of the agricultural land sown with 
fodder crops [1].        
In recent years, at global and national 
level, greater attention is paid to the production 
of plant biomass for energy production due to 
the depletion of fossil resources. 
An important part in solving the above 
problems is played by herbaceous perennial 
plant species with intensive growth which can 
ensure animals with vegetable fodder and, on 
the other hand, can become a source for 
obtaining biomass for the production of 
renewable energy. Scientific research conducted 
in the Botanical Garden (Institute) of the ASM 
over decades was aimed at mobilization, 
improvement and implementation of new non-
traditional plant species that use efficiently 
photosynthetic active radiation and land 
resources. 
The promising species Sida 
hermaphrodita (L.) Rusby (Virginia mallow, 
Pennsylvanian malva, River mallow, Virginia 
fanpetals) is one of almost 200 species 
belonging to the genus Sida L. which are found 
mainly in the warmer regions of the Earth. The 
species is the only member of Pseudonapaea 
A.Gray, a section without close affinity to any 
other section in the genus Sida L., fam. 
Malvaceae Juss., polycarpic perennial herb, 
originates from south-eastern parts of Northern 
America, where it naturally grows in moist 
riverine habitats, has the form of a dense root 
bush with a few dozen of stems with the length 
of 400 cm and diameter of 5 to 35 mm.  
The leaves are simple, but palmately cleft 
into 3 to 7 elongated lobe tips, 10 to 20 
centimeters long and borne on petioles. The 
inflorescence produces clusters of white flowers 
from August to October (or even longer, until 
the beginning of first frost) in the area of origin 
and from June to first frost in Moldova’s 
conditions. Each flower has 5 petals, which are 
about a centimeter long, stamen number – 13 or 
more. The fruit is capsule.  
Four seeds are inside each capsule; 
capsules must be crushed to extract seeds, and 
capsule pieces can be separated from seeds by 
screening or winnowing. Seeds are triangular, 
apex gradually narrowed, rounded or convex, 
ventral side truncate, with oblong helium, lateral 
sides deflexed, 2.5-2.7 x 2.3-2.5 mm. Surface – 
dense and shallow falsifoveolate, lusterless, 
greyish or brownish-grey. 1000 seed weight – 
3.30-3.90 g.  The plant is reproduced by means 
of root cuttings, stem cuttings or seeds. The 
species will live for 15-20 years, providing a 
good harvest on all kinds of lands [2, 9, 12].  
For the first time, Sida hermaphrodita 
was brought to Europe in 1930 and introduced 
in Ukraine. Its multi-directional cultivation 
appears to be the plant advantage as well as a 
great capacity of adaptation to changing climate 
and soil conditions including chemically 
degraded areas. Sida hermaphrodita is a fodder, 
fibre and energy crop [3, 4, 8, 10]. 
The objective of this research was to 
evaluate productivity, fodder and calorific value 
of new species Sida hermaphrodita in 
Moldova’s conditions. 
 
2. Material and Method 
 
The species Sida hermaphrodita, variety 
Energo, registered in the Catalogue of plant 
varieties of the Republic of Moldova served as 
object of study. The experiments were 
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performed on experimental land in the Botanical 
Garden on deeply processed soil in autumn, 
leguminous fodder species served as precursor. 
Plot area – 10 m2, in 4 repetitions. Seedlings 
were produced in pallets and they were 
transplanted in field on 15 May 2012 under the 
scheme 70 cm x 70 cm.  
The traditional fodder crop – alfalfa, 
Medicago sativa L., served as control. Scientific 
researches on agro biological peculiarities were 
performed according to the methodical 
indications [9], biochemical composition and 
nutritional value of natural fodder [7], the 
evaluation of dry biomass – according to 
CEN/TC 335 [13, 14], the calorific value of dry 
biomass was determined by calorimetric method 
using the device LAGET MS 10A.  
 
3. Results and Discussions 
 
Analyzing the results of Sida 
hermaphrodita agro biological peculiarities, we 
may mention that in the first 45 days after 
planting the plants have a slow rate of growth 
and development of aerial parts, and then the 
rate is accelerating and the flower buds 
formation starts in mid-September and the stems 
are about 171 cm tall (Table 1). During this 
period the productivity of natural feed is 28.3 
t/ha or 6.2 t/ha dry matter. The fodder has a high 
content of about 48% leaves.  In the next years, 
plant growth and development starts in spring, 
with the establishment of positive temperatures. 
A high rate of growth of stems is observed 
during May (5-6 cm/day).  
 
 
Table 1. Agro-biological peculiarities of the species Sida hermaphrodita, variety Energo 
Indices 
1st year 
2012 
2nd year 
2013 
3rd year 
2014 
First harvest 
                plant height, cm  
                natural fodder harvest, kg/m2 
                dry matter content,% 
                content of leaves in the fodder,% 
Second harvest 
                plant height, cm  
                natural fodder harvest, kg/m2 
                dry matter content,% 
                content of leaves in the fodder,% 
Third harvest 
                plant height, cm  
                natural fodder harvest, kg/m2 
                dry matter content,% 
                content of leaves in the fodder,% 
Annual productivity 
                natural fodder, kg/m2 
                dry matter, kg/m2  
 
 
171 
2.83 
22.0 
48.0 
  
 
- 
- 
- 
 
 
- 
- 
- 
 
2.83 
0.62 
 
 
210 
5.55 
22.9 
41.9 
        
178 
2.92 
24.1 
42.9 
 
104 
1.50 
19.1 
45.8 
 
10.38 
2.26 
 
 
235 
7.55 
17.4 
33.7 
 
183 
3.53 
29.0 
44.4 
 
59 
0.87 
13.0 
45.0 
 
11.95 
2.44 
 
 
 
Thus, at the end of May, the stems have a 
diameter of 1.5-2.3 cm at base and reach 235 cm 
tall. 
Harvesting at this time allows to obtain 
55.5 t/ha of natural fodder in the 2nd year of 
vegetation and 75.5 t/ha of natural fodder in the 
3rd year. 
In the 3rd year, it was found an increase of 
natural fodder at the first harvest, due to an 
optimal humidity and the formation of a larger 
number of stems in a bush, but the content of 
leaves and dry matter in the harvested forage is 
lower compared to the previous year.  
It is known that the resumption of 
vegetation after harvest largely depends on the 
weather conditions, the amount and distribution 
of rainfall, the number of days with air 
temperature above 30 °C.  
We may mention that after the first 
harvest, Sida hermaphrodita plants have a high 
rate of revival and in the first half of August the 
stems reach 1.3-1.8 cm  in diameter and 178-183  
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cm tall, the yield of natural fodder at the 
second harvest in 2013 was 29.2 t/ha, and in 
2014 - 35.3 t/ha. The fodder harvested in this 
period has a higher content of leaves and dry 
matter in comparison with the first harvest.  
The rate of the revival of Sida 
hermaphrodita plants during August is very 
slow, there is acceleration in the second half of 
September and until the end of October the 
stems reach 59-104 cm tall. The content of 
leaves in the harvested fodder is high, but the 
content of dry matter is very low.  
During July to October 2014 year was 
little rainfall, this fact had a negative impact on 
growth and development of stems and natural 
fodder crop formation.  
Sida hermaphrodita plant productivity, in 
2013 year, was of 103.8 t/ha natural fodder or 
22.6 t/ha dry matter, increasing in 2014 year, 
119.5 t/ha natural fodder or 24.4 t/ha dry matter, 
respectively. 
A high aerial biomass productivity of the 
Sida hermaphrodita plants is also mentioned in 
other studies [3, 11]. So, Rakhmetov, 2011, 
stated that in the conditions of Ukraine, Sida 
hermaphrodita could have a productivity of 
123.9-187.7 t/ha natural fodder depending on 
the genotype [8]. 
Forage quality is usually measured by the 
amount and availability of nutrients contained in 
the forage. The ultimate test of forage quality, 
however, is animal performance. At 
implementation of new plant species, it is 
necessary to assess the forage quality in 
comparison with traditional fodder crops. 
Alfalfa, Medicago sativa is known and 
appreciated as forage crop rich in protei
n and other substances and is very 
important for animal nutrition [5].  
Protein substances play an essential role 
as a limiting factor in the manifestation of 
productive potential. Analyzing the results of 
determination of the biochemical composition 
we can state that the dry matter from the natural 
fodder of Sida hermaphrodita has a high content 
of 15.94% raw protein and isn’t essentially 
inferior to alfalfa (Table 2).  
The high content of protein in Sida 
hermaphrodita is mentioned by Tarkowski 
and Truchliński (2011) in the conditions of 
Poland the raw protein content in fodder is 
16.2-19.1% depending on the level of nitrogen 
fertilization [11]. 
 
 
Table 2. Biochemical composition of the dry matter and nutritional value of the natural fodder of Sida 
hermaphrodita and Medicago sativa, first harvest 2013y. 
Indices Medicago sativa Sida hermaphrodita 
Biochemical composition of the dry matter:                           
raw protein, %.                                          
raw fats, %.                                                
raw cellulose, %  
nitrogen free extractive substances,%  
mineral substances, %  
1 kg  of natural forage contains:        
nutritive units                            
metabolizable energy for cattle, MJ/kg             
dry matter, g                                            
digestible protein, g                                 
digestible protein, g/ nutritive unit 
 
17.03                         
2.30                        
33.31                         
39.41                       
8.01 
 
0.21                         
2.28                       
263.70                     
34.50                        
164.3 
 
15.94                                                  
3.99                                                 
32.86                                                  
38.78                                                       
8.43 
 
0.21                                                    
2.11                                                  
228.7                                                  
27.7                                                      
131.9 
 
 
The fats from vegetal fodder are the main 
source of energy for animals, being necessary to 
the body for the normal course of vital processes 
and transportation of soluble vitamins in fatty 
acids, contributes to the accumulation of fat in 
milk. The natural fodder of Sida hermaphrodita 
has a high content of fats (3.99%). 
The raw cellulose content, along with 
nitrogen free extractive substances, contributes 
significantly to the nutritional value of vegetal 
fodder, being the component which helps to 
regulate intestinal transit, stimulate the sense of 
satiety and is a veritable source of energy. We 
may mention that, in comparison with alfalfa, 
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the natural fodder of Sida hermaphrodita has a 
relatively low content of raw cellulose and 
nitrogen-free extractive substances. 
The presence of minerals in animal feed is 
indispensable for growth and health, because 
they are essential components of all tissues and 
organs that maintain a constant osmotic 
pressure, participate in regulation of acid-base 
balance, activate a number of enzymes, 
moderate neuromuscular activities and prevent 
the emergence and development of animal 
diseases. The natural fodder of Sida 
hermaphrodita is distinguished by a high 
content of minerals (8.43%) in comparison with 
Medicago sativa (8.01%).  
Analyzing the nutritional value of natural 
fodder we can mention that the content of 
nutritive units in the fodder of Sida 
hermaphrodita is at the same level as Medicago 
sativa, but because of the low content of dry 
matter in the natural fodder (22.87%) it has less 
metabolizable energy.  
The harvest of natural fodder of Sida 
hermaphrodita in late May allows to obtain up 
to 11.66 t/ha nutritive units with 1537 kg/ha 
digestible protein. The digestible protein content 
of natural fodder of Sida hermaphrodita is 131.9 
g/nutritive unit and meets the zootechnical 
requirements for animal feeding. 
For a better assimilation of proteins, it is 
necessary to ensure a balanced diet in terms of 
energy, vitamins, minerals, and a certain ratio 
between amino acids. The role of amino acids in 
the body is very important, each having specific 
functions, and the number and the way they 
enter into the structure of a protein and their way 
of grouping provides the so-called specificity of 
proteins. The specific deficiency, by 
insufficiency of some essential amino acids, has, 
besides losing weight of animals, various 
morphofunctional aspects, dependent on the 
action of the deficient amino acid. The 
nutritional value of fodder is mainly determined 
by the quantitative and qualitative content of 
constituent acids. Absorbed amino acids are 
used principally as building blocks for the 
synthesis of proteins, and therefore are vital to 
the maintenance, growth, reproduction, lactation 
and other physiological activities of animals [7]. 
Analyzing the amino acid content we could 
mention that in the natural fodder of Sida 
hermaphrodita there are the same essential 
amino acids that are found in alfalfa, but there 
are differences in their quantity (Table 3). Thus, 
the amount of essential amino acids at Sida 
hermaphrodita is small. The fodder of Sida 
hermaphrodita  is distinguished by a high 
content of glutamine ( 25.5%),  alanine (23.3 
%),  valine (15.9%) and isoleucine (12.6%), but 
a lower content of asparagine (43%), proline 
(42%), arginine (41%), serine (40.0%), 
methionine (36.1%),  histidine  (31.3 %), 
phenylalanine   (29.0%) and leucine (21.0%), in 
comparison with alfalfa.  
 
 
Table 3. The content of amino acids (mg/100 mg dry matter) in the natural fodder of Sida 
hermaphrodita and Medicago sativa, first harvest 2013y 
Amino acids Medicago   sativa Sida hermaphrodita. 
Asparagine 
 Threonine  
Serine  
Glutamine  
Proline 
Glycine  
Alanine    
Valine  
Methionine  
Isoleucine  
Leucine  
Tyrosine  
Phenylalanine  
Histidine  
Lysine   
Arginine 
1.711 
0.564 
0.687 
1.360 
0.922 
0.550 
0.674 
0.559 
0.139 
0.459 
0.913 
0.458 
0.850 
0.326 
0.619 
0.655 
0.968 
0.537 
0.412 
1.707 
0.530 
0.551 
0.831 
0.648 
0.089 
0.517 
0.730 
0.393 
0.600 
0.224 
0.593 
0.384 
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Plant biomass is one of the renewable 
energy sources. Maintaining energy 
competitiveness of biomass energy production 
depends to a large extent on the use of energy 
plant yield potential.  
Sida hermaphrodita has a high capacity of 
protection against soil erosion due to the 
development of a strong root system, 
regeneration after harvest and is characterized 
by high resistance to frost and drought and 
flattening of stems.  
These qualities allow this species to be 
used in exploitation of degraded lands by 
establishing industrial plantations in order to 
obtain biomass for the production of renewable 
energy and as a source of pollen and nectar for 
bees [3].  
It has been found that at the end of 
vegetation period, when negative temperatures 
are established, during 15-20 days the leaves fall 
completely and dehydration of stems of Sida 
hermaphrodita accelerates reaching 17% 
humidity in December and over 13% humidity 
in January (Table 4). 
 
 
Table 4. Characteristics of the biomass of Sida 
hermaphrodita, 2013y.  
 
Indices  
Humidity of the stems December, %  
Humidity of the stems January, %  
Humidity of the stems March, %            
Bulk density of the chopped stems, kg/ m3  
Gross calorific value, MJ / kg                           
Density of briquettes,  kg/ m3                  
Ash of briquettes, %                        
Potential of energy production,  GJ/ha        
- equivalent coal, t                                        
- equivalent to conventional oil, t    
17                                                 
13                                                     
9                                                
268                                           
18.7                                         
1162                                             
1.5                                     
350                                                      
13                                                  
9 
 
 
The dry stems are resistant to flattening 
and can be harvested in winter with technical 
means of harvesting fodder, the bulk density of 
the dry matter (chips) is 268 kg/m3. Chips can 
be used directly in cauldrons or to make 
briquettes and pellets. Briquettes’ density is 
1162 kg/m3.  
The gross calorific value of briquettes and 
pellets reaches 18.7 MJ/kg. The ash content in 
briquettes is 1.5%. The potential for energy 
production from biomass of Sida hermaphrodita 
harvested in 2013 is 350 GJ/ha, equivalent to 13 
t of coal or 9 t of conventional oil. 
4.Conclusion 
 
The species Sida hermaphrodita, variety 
Energo, represents a valuable crop in Moldova’s 
conditions. 
The yield of Sida hermaphrodita 
constitutes in the first year 28.3 t/ha natural 
fodder or 6.2 t/ha dry matter and the following 
years 103.8 -119.5 t/ha natural fodder or 22.6 - 
24.4 t/ha dry matter,  
The content of nutritive units in the 
natural fodder of Sida hermaphrodita is at the 
same level as Medicago sativa (0.21nutritive 
unit /kg). The nutritive unit is well provided 
with 131.9 g digestible protein 
Dry stems can be harvested in winter with 
technical means of fodder collection and used to 
produce briquettes and pellets, gross calorific 
value of about 18.7 MJ/kg dry mass or about 
350 GJ / ha, ash content in briquettes is 1.5%.   
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